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(57) ABSTRACT

A screw-shaped anchoring fixture for anchoring a prosthesis
in the skull bone. The anchoring fixture comprises a main

body configured to be implanted into the bone and a flange
configured to function as a stop to prevent the main body from
completely penetrating through the bone. The main body
comprises a distal tapered apical portion, a first portion, and a
second portion. The inner diameter of the second portion 1s
greater than the inner diameter of the first portion. The
method for inserting the anchoring fixture includes providing
the anchoring fixture, drilling a hole, and 1inserting the anchor-
ing fixture into the hole until the flange contacts the skull
bone, wherein the hole has a diameter that 1s greater than the
inner diameter of the first portion and less than the outer
diameter of the second portion.
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BONE ANCHOR FIXTURE FOR A MEDICAL
PROSTHESIS

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application claims the benefit of U.S. Provisional
Application No. 60/951,163, entitled “Bone Anchor Fixture

for a Medical Prosthesis,” filed Jul. 20, 2007 and U.S. Provi-
sional Application No. 60/951,169, entitled “Coupling Appa-
ratus for a Bone Anchored Hearing device,” filed Jul. 20,
2007. These applications are hereby incorporated by refer-
ence herein.

BACKGROUND

1. Field of the Invention

The present invention relates generally to hearing devices
and, more particularly, to anchoring eclements for bone

anchored hearing devices.

2. Related Art

For persons who cannot benefit from traditional, air con-
duction hearing aids there are other types of hearing aids on
the market commonly referred to as bone anchored hearing
aids. Bone anchored hearing aids mechanically transmit
sound information to a person’s inner ear via the skull bone by
means of a vibrator. Such hearing aid devices are typically
connected to a percutaneous implant 1in the form of a titanium
screw 1mplanted 1n the skull bone behind the external ear so
that sound 1s transmitted via the skull bone to the cochlea
(inner ear). This enables the hearing aid to be effective regard-
less of whether there 1s disease or damage 1n the middle ear.
Moreover, penetration of the skin makes the vibratory trans-
mission very eificient.

Bone anchored hearing aids were mitially developed to
rehabilitate certain types of hearing-impaired patients. They
may also be utilized for other indications such as stuttering,
and for certain non-medical applications. A bone anchored
hearing aid may be connected to an implant by means of a
bayonet coupling, a snap-in coupling, a magnetic coupling or
the like. One example of this type of hearing aid device 1s the
BAHA® bone anchored hearing aid, described 1n U.S. Pat.
No. 4,498,461 and commercially available from Cochlear
Bone Anchored Solutions AB (previously Enftific Medical
Systems AB) 1n Goteborg, Sweden.

The implant connecting the hearing aid to the skull gener-
ally comprises two components: a bone attachment piece that
1s attached or implanted directly into the skull bone and a skin
penetrating piece coupled to the bone attachment piece. The
reason for this two-piece design is that installation of the
implant 1s occasionally performed 1n two steps. In the first
step, the bone attachment piece 1s installed and the surround-
ing 1ssue 1s allowed to heal for a period of time that may last
up to a few months. In the second step, the skin penetrating,
piece 1s coupled to the bone attachment piece. In the event that
the skin penetrating piece becomes damaged, it may be
replaced without removing the anchoring fixture from the
skull. Moreover, the hearing aid may be changed or upgraded
il necessary, without removing the bone attachment piece
from the skull.

Although conventional fixtures normally provide a certain
degree of osseo-integration, a more elfective integration
between the implant screw and the skull bone 1s desired, for
example, for patients having impaired bone quality. More-
over, loading of the implant at an earlier stage would also be
desired.
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2
SUMMARY

In one embodiment, an anchoring fixture for anchoring a
prosthesis to a skull bone 1s disclosed. The anchoring fixture
comprises a main body configured to be implanted into the
skull bone. The main body further comprises a distal tapered
apical portion and a first portion adjacent to the distal tapered
apical portion. The main body also comprises a second por-
tion adjacent to the first portion. The first portion has a first
inner diameter and the second portion has a second 1nner
diameter that 1s greater than the first inner diameter. This
configuration provides compression 1n the radial direction on
the skull bone to improve the initial stability of the anchoring
fixture.

In another embodiment, an anchoring fixture for anchoring
a prosthesis to a skull bone 1s disclosed. The anchoring fixture
comprises a main body configured to be implanted into the
skull bone and a flange. The main body further comprises a
distal tapered apical portion and a first threaded portion hav-
ing a first diameter adjacent to the distal apical portion and an
adjacent second threaded portion having a second diameter.
The second diameter 1s greater than the first diameter. The
flange 1s adjacent to the second threaded portion, the flange
comprising a planar bottom surface adapted to rest on top of
the skull bone when the main body 1s implanted into the skull
bone.

In yet another embodiment, an anchoring fixture for
anchoring a prosthesis to a skull bone 1s disclosed. The
anchoring fixture comprises an implantation means for secur-
ing the anchoring fixture onto the skull bone without com-
pletely penetrating through the skull bone. The implantation
means comprises a compression means for exerting a com-
pression onto the skull bone 1n a radial direction to stabilize
the fixture 1n the skull bone.

In a further embodiment, a method for installing the
anchoring fixture into a skull bone 1s disclosed. The method
comprises providing an anchoring fixture, drilling a hole into
the skull bone and inserting the anchoring fixture 1n the hole
until the flange contacts the skull bone, wherein the hole has
a diameter that 1s greater than the inner diameter of the first
portion and less than the outer diameter of the second portion.
In one aspect of the embodiment, the inserting step comprises
screwing the anchoring fixture into the skull bone.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention are described herein
with reference to the accompanying drawings, 1n which:

FIG. 1 1s a perspective view of an anchoring element 1n
accordance with one embodiment of the anchoring fixture;
and

FIG. 2 1s a cross-sectional side view of the anchoring
clement 1llustrated 1n FIG. 1.

Like numerals refer to like parts throughout the several
views of the drawings.

DETAILED DESCRIPTION OF THE INVENTION

Aspects of the various embodiments disclosed herein are
generally directed to providing screw-shaped anchoring 1{ix-
tures configured to be anchored 1n the comparatively thin
skull bone and having a certain compressive ability 1n the
radial direction to improve the 1nitial stability of the fixture.

In one embodiment, the anchoring fixture has a main body
configured to be inserted 1n the skull bone and a flange con-
figured to prevent the fixture from completely penetrating
through the skull bone. The main body comprises a first and
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second substantially cylindrical portion. The first portion
comprises a screw thread having a first inner diameter and the
second portion 1s adjacent to the flange and has a second 1nner
diameter that 1s greater than the first inner diameter. Prefer-
ably, the second portion has at least one groove extending
around the periphery of the cylindrical portion. The groove
may have a bottom diameter exceeding the first inner diam-
cter of the screw thread. Preferably, the groove forms a second
screw thread having an inner diameter exceeding the inner
diameter of the first, main screw thread. The surface of at least
the first portion of the main body may be modified to increase
the surface roughness.

In another embodiment, a method for inserting the anchor-
ing fixture 1s disclosed. In accordance with one aspect of this
embodiment, a drill may be used to drill a hole 1n the skull
bone before installing the anchoring fixture. The dnll creates
a hole 1n the skull bone having a diameter which 1s larger than
the inner diameter of the screw thread of the first cylindrical
portion, but less than the outer diameter of the second cylin-
drical portion. When the fixture 1s mserted into the drilled
hole, the wider second portion of the fixture, 1.e. the portion
next to the tlange, provides a certain compression to the bone,
specifically the cortical bone, in the radial direction of the
hole.

Embodiments of the bone anchored coupling apparatus
will be described below with reference to the accompanying,
drawings. FIG. 1 illustrates an example of a screw-shaped
anchoring fixture 100 1n accordance with one embodiment.
Fixture 100 1s preferably made of any biocompatible material
that has a known ability to integrate with the surrounding
bone tissue, a phenomenon commonly referred to as osseoin-
tegration. In one embodiment, fixture 100 1s made of tita-
nium. Fixture 100 has a main body 102 configured to be
implanted into the skull bone, a flange 103 configured to serve
as a stop to prevent fixture from penetrating through the skull
bone, and atool engaging socket 104 1n the form of an internal
orip section 105 for easy lifting and handling of fixture 100.
The geometrical configuration of the internal grip section
may be configured 1n a manner that allows for engagement
with an isertion tool. In accordance with one aspect, the
geometric configuration may be in the form of a hex, multi-
lobed surfaces, slots or grooves. As shown 1n FIG. 1 a number
of lobe-shaped surfaces 106 1s provided 1n the internal grip
section and extends a distance or height (H) 120 1n the lon-
gitudinal direction of the main body of the fixture parallel to
longitudinal axis 107 of the fixture. The lobe-shaped surfaces
106 may be configured to cooperate with an 1nsertion tool
having slightly tapered engaging surfaces to engage and lift
the fixture.

The main body 102 has a length suificient to securely
anchor fixture 100 1nto, without penetrating entirely through,
the skull bone. The length of main body 102 may therefore
depend on the thickness of the skull bone at the implantation
site. In one embodiment, main body 102 has a length (L) 122
no greater than approximately 5 mm. Main body 102 further
comprises a distal tapered apical portion 102 A and a straight,
generally cylindrical body comprising two portions, a first
portion 102B and a second portion 102C. First portion 102B
comprises external threads that form the main screw thread
108 adjacent to the distal tapered apical portion. The second
portion 102C 1s adjacent to the flange. As 1llustrated 1n FI1G. 2,
main screw thread 108 has an 1inner diameter 124 and an outer
diameter 126. In one embodiment, the outer diameter 126 1s
approximately 3.5-5.0 mm.

As further shown 1n FIGS. 1 and 2, the distal tapered apical
part 102A of main body 102 1s configured with self-tapping,
cutting edges 109. Additional information regarding the seli-
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4

tapping action 1s described 1n greater detail in WO 02/09622,
which 1s hereby incorporated by reference herein. Clearance
or reliel surfaces 110 may also be provided, wherein the
seli-tapping cutting edges 109 and the clearance or relief
surfaces 110 are provided in an alternating configuration
around the main body periphery. This alternating configura-
tion 1s advantageous because 1t creates more volume for the
cut-oit bone chips and therefore reduces the squeezing effect
between the fixture 100 and the bone during installation.

As more clearly illustrated 1 FIG. 2, flange 103 has a
planar bottom surface 111 for resting against the outer bone
surface, imndicated by 112, when the fixture 100 has been
screwed into the skull bone. Again, flange 103 prevents the
fixture 100 from completely penetrating through the skull
bone. Preferably, flange 103 has a diameter which exceeds the
peak diameter of the threads by approximately 10-20%. The
outer peripheral surface of the flange has a cylindrical part
113 and atapered top portion 114. The upper end of the flange
1s designed with an open cavity with a tapered inner side wall
115, a grip section 1035, and an inner bottom bore 116 with an
internal screw thread for directly or indirectly connecting a
hearing aid device or any orbital or ear prosthesis. In order to
achieve a stable connection, the inner opening and bore
extends to the bottom half of the main body of the fixture 100.
The tapered inner side wall 115 forms a seat for a skin-
penetrating abutment or the like to create a good connecting
{it between the two parts fixture and abutment. The cone angle
«. may be in the range of about 30-40 degrees. However, the
connection with abutment and other parts 1n the system are
not part of this invention and will not be described 1n any
detail here.

In one embodiment, no protruding hex 1s provided 1n the
embodiment depicted 1n FIGS. 1 and 2. Rather, the flange
forms a smooth, open upper end. The smooth upper end of
flange 103 and the absence of any sharp corners provides for
improved soft tissue adaptation. Flange 103 also comprises a
cylindrical part 113 and a flared top portion 114 which pro-
vide sullicient height in the longitudinal direction for internal
connection with an abutment sleeve (not shown).

FIG. 2 shows the second portion 102C adjacent to flange
103 having an inner diameter 128 which exceeds the inner
diameter 124 of the main threads 108 of the first portion
102B. As noted, this configuration provides a radial compres-
s10n to the surrounding bone. Preferably the second portion
102C 1s provided with circumierential grooves 117, having an
inner diameter 128 and an outer diameter 130. A drill may
then be used having a diameter that 1s greater than the inner
diameter 124 of screw thread 108 of first portion 1028, but
less than the outer diameter 130 of second portion 102C of the
cylindrical main body of the fixture, that 1s, 124<Dr1ll Diam-
eter<130. When fixture 100 1s inserted into the drilled hole,
the second portion 102C compresses the bone to some extent
to impart nitial stability. The wide diameter portion 1s located
next to the flange so that the compressive action 1s more
concentrated to the hard cortical part of the skull bone tissue.

As mentioned and illustrated in FIGS. 1 and 2, second
portion 102C 1s preferably provided with circumierential
grooves 117. In one embodiment, the inner diameter 128 also
exceeds the inner diameter 124 of screw thread 108 of first
portion 102B. Pretferably the height 132 of the groove (130-
128=132) 1s approximately %3 or less than the height of screw
thread 108 of first portion 102B. In addition to the noted
compressive action, such grooves may provide an increased
retention between the fixture and the surrounding bone tissue,
and spread the forces directed to the abutment more evenly 1n
the bone.
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This retention may also be improved by increasing the
surface roughness of the bone contacting surfaces of fixture
100. For instance the surface may be modified by means of an
abrasive blasting process according to WO 92/05745. In one
embodiment the process 1s used to provide an average surface
roughness Sa of about 0.2-2.0 um, preferably 0.8-1.2 um, and
Sdr(2d/3d)=8-60%, preferably approximately 20-60%.

Circumierentially oriented grooves 117 may extend com-
pletely or partly around the periphery of the main body. In the
embodiment shown 1 FIGS. 1 and 2 there are three separate
grooves as an example. As an alternative, the grooves may be
formed as a screw thread, which may have the same pitch as
main screw thread 108, but having a inner diameter 128 that
1s greater than the mner diameter 124 of main screw thread
108, so that the height of the grooves 117 would be only
approximately '3 or less of the height 134 of main screw
thread 108 (126—-124=134). In one embodiment, the exten-
sion of the second wide diameter portion 102C 1n the longi-
tudinal direction of the fixture 1s about 15-25% of the total
height of the fixture.

A method for mserting the fixture may comprise providing
the anchoring fixture, drilling a hole, and 1nserting the anchor-
ing fixture into the hole until the flange contacts the skull
bone, wherein the hole has a diameter that 1s greater than the
inner diameter of the first portion and less than the outer
diameter of the second portion. No countersinking or removal
ol cortical bone 1s used which leaves more good bone left.
When fixture 100 1s 1inserted into such a drilled hole, the wider
second portion of the fixture, that 1s, portion 102C next to the
flange, provides a certain compression of the cortical bone on
the radial direction of the prepared bone hole.

Further features and advantages of the present invention
may be found 1n U.S. Provisional Application No. 60/951,

169, entitled “Coupling Apparatus For a Bone Anchored
Hearing Device,” and filed Jul. 20, 2007/, and U.S. Provisional

Application No. 60/951,163, entitled “Bone Anchor Fixture
for a Medical Prosthesis,” and filed Jul. 20, 2007, which are
hereby incorporated by reference herein.

The mvention 1s not limited to the embodiment illustrated
in the drawings but may be varied within the scope of the
accompanying claims. Specifically, it 1s understood that other
types of abrasive methods, coatings etc, may be used for
increasing the roughness of bone-contacting surfaces. Such
methods are known per se and not described here 1n any
detail.

What 1s claimed 1s:

1. An anchoring fixture for anchoring a hearing prosthesis
to a cranial section of a skull bone comprising:

a main body configured to be implanted into the bone, the

main body comprising a distal tapered apical portion and
a non-tapered first portion adjacent to the distal tapered
apical portion and a non-tapered second portion adjacent
to the first portion; and

a flange, adjacent to the second portion, having a bottom

surface configured to abut the skull bone when the main
body 1s implanted therein thereby resisting deeper inser-
tion;

wherein the first portion has a first inner diameter and the

second portion has a second 1nner diameter; and
wherein the second 1mnner diameter 1s greater than the first
inner diameter.

2. The anchoring fixture of claim 1, wherein the fixture
comprises a material capable of integrating into the surround-
ing bone tissue.

3. The anchoring fixture of claim 1, further comprising;:

a tool engaging socket for lifting and handling the fixture

by a cooperating nsertion tool.
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4. The anchoring fixture of claim 3, wherein the tool engag-
ing socket comprises an internal grip section.

5. The anchoring fixture of claim 4, wherein the internal
or1p section has a multi-lobed surface and grooves.

6. The anchoring fixture of claim 1, wherein the main body
has a length that is less than approximately 5 mm.

7. The anchoring fixture of claim 1, wherein the distal
tapered apical portion comprises alternating seli-tapping cut-
ting edges and clearance or relief surfaces along a periphery
of the distal tapered apical portion.

8. The anchorng fixture of claim 1, wherein the first and
second portion of the main body 1s generally cylindrical.

9. The anchoring fixture of claim 8, wherein the first por-
tion further comprises main screw threads, wherein said main
screw threads have an inner diameter, an outer diameter, and

a height.

10. The anchoring fixture of claim 9, wherein the second
portion further comprises circumierential grooves, the cir-
cumierential grooves having an mner diameter, an outer
diameter, and a height.

11. The anchoring fixture of claim 10, wherein the inner
diameter of the circumierential grooves 1s less than the outer
diameter of the main screw threads.

12. The anchoring fixture of claim 10, wherein the height of
the main screw threads 1s greater than the height of the cir-
cumierential grooves.

13. The anchoring fixture of claim 10, wherein the height of
the circumierential grooves 1s approximately or less than
approximately 33% of the height of the main screw threads.

14. The anchoring fixture of claim 4, further comprising:

an inner bottom bore adjacent to the internal grip section,

the inner bottom bore comprising internal screw threads.

15. The anchoring fixture of claim 1, wherein the hearing
prosthesis 1s a bone conduction device.

16. The anchoring fixture of claim 1, wherein the main
body has a surface roughness suilicient to retain of the fixture
in the bone.

17. The anchoring fixture of claim 15, wherein the surface
roughness has a value of about 0.2 um to about 2.0 um.

18. The anchoring fixture of claim 17, wherein the surface
roughness has a value of about 0.8 um to about 1.2 um.

19. An anchoring fixture for anchoring a hearing prosthesis
to a cranial section of a skull bone comprising:

a main body configured to be implanted 1nto the skull bone,

the main body comprising a distal tapered apical portion,
a non-tapered first threaded portion having a first diam-
cter adjacent to the distal apical portion, and an adjacent
non-tapered second threaded portion having a second
diameter; and

a flange adjacent to the second threaded portion, the flange

comprising a planar bottom surface adapted to rest on
top of the skull bone when the main body 1s implanted
into the skull bone;

wherein the second diameter 1s greater than the first diam-

eter.

20. The anchoring fixture of claim 1, wherein:

the skull bone includes a mastoid bone; and

the main body 1s configured to be mserted into the mastoid

bone at an orientation normal to a surface thereof.

21. The anchoring fixture of claim 19, wherein:

the skull bone includes a mastoid bone; and

the main body 1s configured to be mserted into the mastoid

bone at an orientation normal to a surface thereof.

22. The anchoring fixture of claim 19, wherein:

the main body has a length that 1s less than approximately

> mm.
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23. The anchoring fixture of claim 19, wherein:

the hearing prosthesis 1s a bone conduction device.

24. The anchoring fixture of claim 1, further comprising:

a third portion adjacent to the second portion, the third
portion including the flange, the third portion also
including an open cavity establishing a seat for a skin-
penetrating abutment.

25. The anchoring fixture of claim 1, wherein:

the first portion includes first grooves;

the second portion includes second grooves;

wherein a height of the second grooves 1s less than the
height of the first grooves.

26. The anchoring fixture of claim 1, wherein:

the first portion includes first grooves; and

the second portion includes second grooves;

wherein a height of the second grooves 1s approximately 14
less than the height of the first grooves.

277. The anchoring fixture of claim 1, wherein:

the first portion includes first grooves; and
the second portion includes second grooves;
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wherein an outer maximum diameter of the second grooves
1s less than an outer maximum diameter of the first
grooves.

28. The anchoring fixture of claim 1, further comprising:

a third portion adjacent to the second portion, the third
portion including the flange, the third portion also
including a tapered inner side wall extending from a
proximal end of the anchoring fixture to a location hav-
ing a depth within the anchoring fixture relative to a
longitudinal axis at least proximate a beginning of the
second portion relative to the longitudinal axis.

29. The anchoring fixture of claim 1, wherein:

the distal tapered apical portion includes threads.

30. The anchoring fixture of claim 29, wherein:

the first portion and the second portion also includes

threads.

31. The anchoring fixture of claim 29, wherein:

the distal tapered apical portion comprises alternating seli-
tapping cutting edges or relietf surfaces along a periphery
of the distal tapered apical portion.

¥ ¥ H ¥ H



	Front Page
	Drawings
	Specification
	Claims

